Early versions of uncemented femoral total hip stems were often associated with thigh pain thought to be due to micromotion between the implant and bone in the distal uncoated regions. An extensively coated stem was introduced in 1992 to reduce that risk. We therefore asked whether second-generation extensively porous-coated cementless femoral stems in patients younger than 50 years of age would (1) be durable in terms of revisions; (2) provide high functional scores and reduce thigh pain; and (3) show radiographic signs of durability, including a reduction in stress shielding. We prospectively followed all 100 patients (115 hips) age 50 and younger treated with primary cementless total hip arthroplasties using a secondgeneration extensively porous-coated femoral stem between June 1994 and December 1999. The average age was 39.6 years (range, 17-50 years). The stems were mated to cementless acetabular components. Ninety patients were followed for a minimum of 5 years (mean, 8.6 years; range, 5-10 years). One stem was revised after a periprosthetic fracture. None were revised for loosening and all stems demonstrated bony ingrowth at last followup. No acetabular shell was revised for loosening and none was radiographically loose. Six acetabular liners were revised for wear (three each were 22-mm and 26-mm heads). This second-generation extensively porous-coated stem was durable at 5-to 10-year followup in this young active population. Level of Evidence: Level IV, therapeutic study. See Guidelines for Authors for a complete description of levels of evidence.
Introduction
The Prodigy femoral component (DePuy, Warsaw, IN) was developed in 1992 to potentially reduce the thigh pain (10%-20%) [8, 12] and stress shielding associated with the first-generation AML (DePuy) 5/8th porous-coated femoral component. Like the AML, the Prodigy was also a chrome cobalt implant, but the porous coating was extended along the entire length of the stem (in hopes of decreasing micromotion at the tip and thus thigh pain) [6] except for the polished bullet-shaped distal tip. Ten degrees of anteversion was incorporated in the neck of the device and the larger components had a medial diaphyseal cutout to reduce the flexural rigidity of the stem (in hopes of reducing stress shielding) [4] (Fig. 1) .
Midterm followup studies of the AML used in the younger patient population have reported bony ingrowth in up to 96% of cases and thigh pain incidence in some series has not exceeded 10%. In addition, the incidence of moderate to severe stress shielding has been reported in 55% (46% moderate, 9% severe) of cases in one young patient series [12, 14, 17] . Unfortunately, these case series are included with other devices and the minimum length of followup is not greater than 5 years.
We therefore asked whether the second-generation extensively porous-coated cementless femoral stem in patients younger than 50 years of age would (1) be durable in terms of revisions; (2) provide high functional scores and reduce thigh pain; and (3) show radiographic durability of fixation and reduction in stress shielding.
Materials and Methods
We retrospectively reviewed all 100 prospectively followed patients (115 hips) age 50 and younger treated with the Prodigy (DePuy) femoral component from June 1994 to December 1999. We used this implant in all patients under 50 years of age who had cementless THA during the study period (other than for patients with extremely small bones which required a miniature prothesis). The average age at the time of index THA was 39.6 years (range, 17-50 years). There were 63 men and 37 women. Five to 10 years after the index THA, 90 patients were alive (103 hips), five patients (seven hips) were dead (none of whom had additional revision), and five patients were lost to followup (five hips). The patients were followed for a minimum of 5 years (mean, 8.6 years; range, 5-10 years). Of the 90 living patients, 77 (89 hips) had a minimum 5-year followup radiograph; the other 14 hips in living patients all had at least a 1-year radiograph.
The preoperative clinical evaluation included documenting the level of activity, range of motion of the hip, level of pain, gait pattern, and level of performance of activities of daily living obtained through clinical examination as well as the use of a standard terminology questionnaire for the reporting of clinical and radiographic results [11] . The most common diagnoses were primary osteoarthritis in 39 hips and osteonecrosis in 35 hips ( Table 1) .
All surgery was performed by the senior author (JJC). We used a posterolateral approach in all cases. The femoral canal was underreamed by 0.5 mm to the diameter of the coating of the implant used. Intraoperative radiographs (typically a single view) were obtained with a broach in place to ensure proper fit and positioning. The canal was then machined for a larger size if there was any concern on the intraoperative radiograph that the component would be undersized or was malpositioned. The Prodigy femoral components were mated with 43 Harris-Galante I acetabular components (Zimmer, Warsaw, IN) or with 72 Duraloc Sector acetabular components (DePuy). We used 22-mm and 26-mm modular femoral heads.
Postoperatively, we recommended that the patients use crutches with partial weightbearing for 6 weeks and then progress to full weightbearing as tolerated. Fig. 1 The Prodigy implant with a medial cutout and extensive porous coating. Patients were routinely followed every 2 years, with closer followup warranted for those with symptoms. The latest followup evaluation was conducted at 5 to 10 years after the index THA. Patients returned to the clinic for followup or, if they were unable to return, sent current radiographs for evaluation. Thirty patients were evaluated in person and 60 were interviewed by telephone using standard terminology for reporting results and completed Harris hip scores [10] and UCLA activity level scores [1] . Thigh pain was specifically evaluated through the standard terminology questionnaire.
Two of us (JJC, CMM) reviewed all the radiographs with interpretation reported by consensus. Early postoperative and interval followup radiographs included anteroposterior projections of the pelvis that included the tip of the femoral prosthesis and lateral projections of the femur that included the hip. All observations were based on the anteroposterior radiographs from the early postoperative period and those at latest followup. Of the 90 living patients, 103 hips, 77 patients with 89 hips (86% of hips) had a minimum 5-year followup radiograph. Correction for magnification was completed by standardizing all measurements against the known size of the femoral head.
We evaluated the stems for radiographic evidence of (1) bone ingrowth; (2) stable fibrous fixation; or (3) unstable fibrous fixation according to the criteria of Engh et al. [7] . Femoral component subsidence was determined using the relationship of the top of the lesser trochanter to the medial aspect of the stem collar defined as a decrease of at least 5 mm (with magnification considered) between the initial postoperative radiograph and those from the last followup [2] . Osteolysis was defined as any nonlinear radiolucency at the bone-prosthesis interface that was at least 5 mm squared according to the seven femoral zones defined by Gruen et al. [9] . Radiolucencies were also recorded according to the seven femoral zones of Gruen [9] . Femoral component stress shielding was defined using a modification of the criteria defined by Engh and Bobyn [6] . Mild stress shielding was limited to the upper third of the implant. Moderate stress shielding extended to the middle one-third and severe stress shielding extended below the middle one-third. The acetabular components were evaluated for bone prosthesis radiolucencies and acetabular component migration according to the criteria of Massin et al. [13] . The definition of acetabular osteolysis was the same as that of femoral osteolysis.
Results
Of the original 115 hips, 10 had reoperations at 5-to 10year followup ( Table 2 ). Six were for polyethylene wear, two for periprosthetic fracture, and two for dislocation. The average preoperative and final followup Harris hip scores were 46 points (range, 17-77 points) and 84 points (range, 42-100 points), respectively. Final followup UCLA activity scores averaged 6.2 (range, 2-10). Hence, the Radiographic evaluation of the 89 hips with minimum 5-year radiographs demonstrated bony ingrowth in all hips; the remaining 14 hips in living patients all had at least a 1-year radiograph and all of these demonstrated bony ingrowth of the prostheses. For the remainder of the radiographic analysis, we only include the 88 hips with minimum 5-year radiographs excluding the one hip revised early for periprosthetic fracture. Femoral stress shielding was mild in 53 hips (60% of hips) ( Fig. 2A-C) , moderate in 26 hips (29.5% of hips), and severe in one hip (1.1% of hips). Proximal radiolucencies, Zones I and/or VII, occurred in 18 hips, 20% of hips. Distal tip radiolucencies (Zone IV) occurred in six hips, 7%. In the intermediate zones (II, III, V, and VI), radiolucencies were present in 17 hips (19%). All were in the area of the medial stem cutout. Proximal femoral osteolysis occurred in 14 hips, 16% of hips, and there were no cases of distal femoral osteolysis. Radiographic evaluation of the acetabular constructs demonstrated 31 hips (35% of hips) with bone-prosthesis radiolucencies. None of these were more than 1 mm in width and none were circumferential to include the screws (two or three screws were used in all cases). No acetabular components had migrated.
Discussion
The Prodigy femoral component was developed as a secondgeneration extensively coated device, which was designed after the 5/8th porous-coated AML femoral component. It was hoped the Prodigy femoral component would decrease thigh pain and increase bony ingrowth by extending the porous coating and incorporating a polished bullet tip and would decrease stress shielding by providing medial diaphyseal stem relief to decrease the flexural rigidity of the stem. We therefore asked whether the second-generation extensively porous-coated cementless femoral stem in patients younger than 50 years of age would (1) be durable in terms of revisions; (2) provide high functional scores with a reduction in thigh pain; and (3) show radiographic signs of durability, including a reduction in stress shielding.
There are several limitations of our study. First, we have no comparison group with first-generation extensively coated stems in younger patients and, as previously stated, the studies with the reported results using the AML in younger patients are not a truly analogous comparison because these stems were not always mated to a cementless acetabular component, were included with other extensively coated designs, and different clinical scores were used. Second, we did not measure for inter-and intraobserver variability of radiographic measurement, including stress shielding, but instead agreed on findings through consensus. There are difficulties in determining stress shielding resulting from such variables as quality of radiographs and observer interpretation. However, we attempted to limit the effects of such variables through the evaluation of bone remodeling patterns using an established grading system [6] . None of our patients were revised for femoral or acetabular aseptic loosening; one femoral component was revised because of an early traumatic periprosthetic fracture. Other than for two periprosthetic fractures and two liner and head exchanges for dislocation, all other reoperations in this series were related to wear of the acetabular liner. Six hips were revised for this indication. This compares favorably with the revision results in other series in younger patients (Table 3) .
Functional scores demonstrated the average patient performed moderate activity. Over 40% of patients performed some sport with 21.5% performing some impactloading activities. Thigh pain was present in 10 patients (all mild and not activity-limiting) at final followup. However, there is no difference in rates of thigh pain when compared with the rates reported in this population using an AML component.
Radiographic stability of the implant was obtained in all patients with all patients demonstrating bone ingrowth on followup radiographs. The prevalence of moderate to severe stress shielding was 30.6% (27 hips with only one hip demonstrating severe stress shielding). In our study, the prevalence of bony ingrowth is higher and the prevalence of stress shielding (moderate or severe) is lower than the best results reported in this age population using the AML prosthesis (Table 3) .
This second-generation extensively coated femoral component as well as the two acetabular components that we studied in this active young population (average UCLA scores of 6.2 with 70% of patients performing moderate activity) provided excellent clinical and radiographic durability, including a low incidence of thigh pain, with no acetabular or femoral components revised for aseptic loosening. Our data encourages the senior author to continue to use extensively porous-coated implants in his primary THAs in the younger population. 
